Enterocytozoon bieneusi is the most common microsporidian parasite recognized in human patients with AIDS. Recently, we identified a virtually identical organism causing a spontaneous infection associated with hepatobiliary and intestinal disease in simian immunodeficiency virus (SIV)-infected macaques. To examine the natural history of the infection, we examined captive rhesus macaques for E. bieneusi by PCR, in situ hybridization, and cytochemical techniques. PCR performed on fecal DNA detected enterocytozoon infection in 22 (16.7%) of 131 normal rhesus macaques (Macaca mulatta), compared to 18 (33.8%) of 53 rhesus macaques experimentally inoculated with SIV. In normal rhesus macaques, persistence of infection was demonstrated for up to 262 days and was usually not associated with clinical signs. In six of seven normal rhesus animals, E. bieneusi was detected by PCR in bile obtained through percutaneous cholecystocentesis but not by in situ hybridization performed on endoscopic biopsies of duodenum and proximal jejunum.
Enterocytozoon bieneusi is the most common microsporidian parasite to infect human patients with AIDS; it represents a significant cause of diarrhea, malabsorption, and wasting in the terminal stages of human immunodeficiency virus infection (4, 9, 13, 14, 18) . Recently, E. bieneusi has been recognized as a cause of diarrhea in both healthy individuals and patients on immunosuppressive therapy, suggesting that infection of humans may be more widespread than previously thought (11, 12, 15, 17) . Despite its relatively common occurrence in AIDS patients, basic aspects of E. bieneusi biology, epidemiology, and host immunity are poorly understood. The source, duration, and natural reservoir of E. bieneusi infection in humans is presently unknown. While E. bieneusi has been identified as a cause of acalculous cholecystitis and cholangitis in human patients with AIDS (1, 5, 8, 10) , the distribution of E. bieneusi in tissue of immunologically normal individuals has not been investigated.
We recently described spontaneous enterocytozoon infection as a common cause of hepatobiliary and intestinal disease in simian immunodeficiency virus (SIV)-infected macaques at the New England Regional Primate Research Center (NERPRC) (6) . The infecting organism is virtually indistinguishable from E. bieneusi of human origin at the light, ultrastructural, and genetic levels (3, 6) . In this investigation, we utilized PCR, in situ hybridization, and cytochemical techniques to demonstrate asymptomatic and persistent infection of normal captive rhesus macaques. The epizootiology of spontaneous E. bieneusi in rhesus macaques may give insight to the mechanisms of enterocytozoon pathogenesis, transmission, and persistence in humans.
All rhesus macaques (Macaca mulatta) were housed at the NERPRC in accordance with the standards of the American Association for Accreditation of Laboratory Animal Care and Harvard Medical School's Animal Care and Use Committee.
Normal rhesus macaques were serologically negative for simian retrovirus type D and SIV. Animals were individually caged (n ϭ 72) or housed in small breeding harems (n ϭ 54) consisting of 1 adult male, 6 to 10 females, and a similar number of infants under 6 months old. Macaques experimentally inoculated with SIV (n ϭ 51) were individually housed in biolevel 2 and 3 containment facilities, as previously described (Health and Human Services publication no. 93-8395) (7) .
Fecal samples (n ϭ 184) were collected over a 2-month period during physical examinations performed as a component of routine colony health management. Repeat fecal samples were obtained from selected animals over the next 30 to 269 days. Biopsy samples (n ϭ 31) were obtained with an Olympus GIF XP10 pediatric endoscope under sedation induced with ketamine hydrochloride (10 mg/kg of body weight, administered intramuscularly). Percutaneous cholecystocentesis (n ϭ 27) was performed with ultrasonography through the right cranioventral abdomen. A 22-g 1 1/2-in. needle was guided to the gall bladder through the hepatic parenchyma, and 2 to 3 ml of bile was aseptically aspirated. Serum chemistry was performed on 18 animals at the time of endoscopy and cholecystocentesis.
Extraction of total fecal DNA from formalin-fixed stool samples was performed with mechanical disruption and proteolytic digestion (2) . Two hundred microliters of bile obtained by cholecystocentesis was mixed with 1,000 l of 4% paraformaldehyde in 1ϫ phosphate-buffered saline and centrifuged (Eppendorf model 5417C centrifuge) for 10 min at 14,000 rpm to pellet spores and cellular debris. The pellet was washed three times in distilled water, resuspended to a final volume of 20 l, and boiled for 3 min. DNA was then extracted with 200 l of Instagene matrix (Bio-Rad, Hercules, Calif.).
PCR was performed on fecal DNA with primers EBIEF1 and EBIER1, as previously described (2, 6) . Specificity of the amplified target was verified by Southern transfer (Pharmacia Biotech, Uppsala, Sweden) and hybridization to an internal oligonucleotide probe (5Ј TAC AGC GGT GTC TAA TCA CTT TCG ATA CTC) end labeled with digoxigenin by deoxyterminal transferase (Boehringer Mannheim, Indianap-olis, Ind.). In situ hybridization was performed on formalinfixed, paraffin-embedded tissues with a digoxigenin-labeled probe directed at the small subunit rRNA (6) .
Fecal samples from 131 normal animals were analyzed for the presence of E. bieneusi by DNA isolation followed by PCR and Southern hybridization. Twenty-two (16.7%) animals were positive on the initial sample (Table 1 ). Of the seven animals which were positive on the initial sample and retested, five continued to be positive by PCR on subsequent tests. Two of the 22 animals had clinically apparent diarrhea at the time of initial examination. Of the 13 animals which were PCR negative on the initial sample and retested, two became PCR positive on subsequent examination. Fecal samples from 53 SIV-infected rhesus macaques were similarly tested. Eighteen (33.9%) were positive on initial examination. Six of 18 had clinically apparent diarrhea at the time of sample collection. The rate of E. bieneusi infection was significantly higher in SIV-infected macaques than in normal animals (chi-square test [P Ͻ 0.02]).
The source, age, type of housing, and sex of immunologically normal animals infected with E. bieneusi on initial examination were compared to those of animals found to be negative. There was no statistically significant difference for age or sex. Animals positive for E. bieneusi were more likely to be in group housing (chi-square test [P Ͻ 0.02]) and to have been born at the NERPRC colony (chi-square test [P Ͻ 0.04]). Of the five normal animals with two or more positive tests for E. bieneusi, persistent infection was demonstrated for 30 to 269 days. All animals were in good health and asymptomatic for clinical signs of diarrhea and wasting on their final fecal examinations.
To attempt to localize the site of persistent E. bieneusi infection in normal rhesus macaques, 31 animals underwent endoscopic examination and biopsy of the duodenum and proximal jejunum. Twenty-seven of these animals underwent ultrasonographic examination of the hepatobiliary tree with cholecystocentesis. Endoscopic biopsy samples were examined by hematoxylin and eosin stain, Weber's modified trichrome, and in situ hybridization. In no case was E. bieneusi found in the sampled sections of small intestine from immunologically normal rhesus macaques. E. bieneusi was identified by in situ hybridization in sections of small intestine obtained from three SIV-infected macaques identified prospectively.
In contrast, PCR performed on DNA isolated from bile was positive in six of seven normal animals with E. bieneusi DNA detected in feces. Small numbers of E. bieneusi spores were visualized by Weber's modified trichrome in the concentrated bile of three of these six animals. E. bieneusi DNA was detected in the bile of 3 of 20 animals which had been negative for enterocytozoon DNA in feces 7 to 28 days previously. Three normal macaques in which enterocytozoon DNA was detected in feces were euthanized for other reasons. In two of these animals, E. bieneusi had been identified prospectively in bile and a multifocal lymphoplasmacytic choledochitis and mild cholecystitis was present in tissue obtained at necropsy (Fig. 1) .
Serum chemistry was performed on 18 immunocompetent animals while anesthetized for ultrasonography and endoscopic biopsy. Alkaline phosphatase values were significantly higher (P Ͻ 0.04) in animals with enterocytozoon DNA detected in on November 7, 2017 by guest http://jcm.asm.org/ bile (n ϭ 5, mean ϭ 526.3 IU) than in those animals negative for enterocytozoon DNA (n ϭ 13; mean ϭ 314.9 IU). There were no significant differences in ␥-glutamyl transpeptidase, aspartate amino transferase, or alanine amino transferase levels between these groups. Although there is extensive data on infection with E. bieneusi in immunocompromised patients, the incidence and tissue distribution of infection in immunocompetent patients have not been reported. Moreover, the source and natural reservoir for this organism are unknown. We have shown that E. bieneusi causes a common asymptomatic infection of immunologically normal rhesus macaques at the NERPRC. The higher rate of infection in colony-born animals and our ability to identify the organism in archival samples stored for over 6 years indicate that infection with E. bieneusi is enzootic at the NERPRC (6) . We have previously shown extensive genetic and ultrastructural similarities between E. bieneusi organisms derived from rhesus macaques and from humans (3, 6) . Furthermore, we have successfully transmitted E. bieneusi obtained from a human patient with AIDS to SIV-infected macaques, indicating that the host specificity of this organism may not be as strict as previously thought (16) . Taken together, these findings indicate that the human-and macaque-derived enterocytozoons are essentially identical and suggest that the pathophysiology of parasite infection in these hosts will also reveal similarities.
Housing practices at the NERPRC would tend to promote the the fecal oral route of infection and could account for the relatively high rate of parasitism present in our colony. Virtually all rhesus macaques at the NERPRC are kept in group housing at some point during their lives. Due to the feeding habits of nonhuman primates in this type of housing, food is often placed on the floor, where it is easily contaminated by feces. This potential route of transmission, taken together with persistent shedding of E. bieneusi in the feces of some animals and the resistance of microsporidian spores to environmental influences, suggests that most animals housed in our colony are exposed to E. bieneusi. We suspect that the majority of these macaques acquire a self-limiting infection and that chronic or persistent parasitism develops in the minority of animals. Biochemical and morphologic evidence of hepatic dysfunction was mild in immunologically normal animals. Clinically significant disease may be restricted to acute natural infection and to the progressive phases of immunodeficiency. Nonetheless, persistently infected immunologically normal animals may play a critical role in perpertuation of the parasite within the colony.
E. bieneusi has been associated with chronic diarrhea, acalculous cholecystitis, and cholangitis in human patients with AIDS (4, 5, 10) . While E. bieneusi has been linked to episodes of acute diarrhea in immunologically normal hosts, the tissue distribution and duration of infection in such individuals are unknown (15, 17) . Our findings indicate that E. bieneusi is a potential cause of idiopathic cholecystitis and acalculous cholecystitis in immunologically normal macaques. Furthermore, our ability to detect enterocytozoon DNA in the bile of animals shedding E. bieneusi in feces suggests that the hepatobiliary tree may represent a reservoir of infection in the persistently infected host. 
